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(54) METHOD AND APPARATUS FOR OPTICAL MEASUREMENT 

(57)Abstract: 

PURPOSE: To provide a tomographic image measuring 
method for biological function and its apparatus by light 
which can be miniturized. 

CONSTITUTION: A beam of radient light from a light source 
part 1 which is composed of a total of six wavelengths of 
three different wavelengths within a wavelength region of 
500 to 600 nm and of three different wavelengths within a 
wavelength region of 750 to 850 nm, is cast on an object 3 
to be inspected, at every wavelength through an optical 
fiber 2 for sequential irradiation, Beams of reflected light 
from the object to be inspected is detected by a 
photodetection part 5 via an optical fiber 4 for detection, 
which is arranged at an arbitrary distance of within 20 to 40 
mm from the light irradiation position of the object 3 to be 
detected, and a detected result is stored in a reflected light 
quantity storage part 6. Then, the wavelength of a beam of 
radient light from the light source part 1 is changed over to 
the second wavelength, and a quantity of reflected light is 
measured in the same manner. After quantities of reflected 

light of all the wavelengths have been measured, the quantities of reflected light of the individual 
wavelengths are processed as tomographic image in an operation part 7 and displayed on a display 
part 8. Thereby, biological functions from the surface of a living body to the inside can be decided 
sequentially by a simple data processing operation. 
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[»*®1] tU^Jtt«8JMB^&&>)#*©&ft 

SC«ifc©gfc5&&a>Sfflj£3ft5}fc£«: 

©»*Sffi©*^*©E»3fefe&JH;fcftJ£U HEME 

*#©***«a#ifiw>iwi«i UTifjffl-r.g. cta» 

[SI3&E2] 4 0 0 nm*>e> 2 0 0 0 nm©j£g«fiHJC J0 
SO, 1 0 0 n m«BM© 2 ffl£U:©g» 
■C. $ e>tc#* ©fcS<H«T? 2fl«±©Sfc.5ifcfi©ft 
»E3ei«W»6©»*«[«#fcJi«f 

tiij|tm-r*«jit*t, mtM«irm9»wktn^r 

3*^gB2:. freft*||ft«EttT«E«tt&. ens 
SB. a? 

«M^92 (cE«©?t^SJgB. 
[S*JS4] gilB3^AStittE3l«afr&;Ktt3tt« 
3t«ffiEtttt#©IKI[SftK:9KK»fi:imkMttb. if 
E&tfJgBfiS* ©»W&«©jfi&©?g&©figT#£ 
tttBU IMEIMft#©JC^m««7*«l[tt^«©«rJI 30 

•*wirr s z. t £t*m*m 2 £it&®3v& 3 
[^^©psg^muj] 

[0 0 0 1] 

imm±.<D#m&m *maii£«:rta©if««3«cA 

[00 02] 

[«*©«*] K££tt£©?Kr»*r. *fctt5e»»ft 

*. HOMHctfU 3KIH8tt#*fc«»T**. *© 

#*©»£«*©«*£»«; U uroflJMWEttifcOir 
6 ifi#fl-^«t©i£g) ® JKfi«» 6 5> ft 5 *» e> T? 
C©»S©fi3RtbTtt. »St#JBET#8M5lX'S 

*«f»C#«. KTHbt*r). ?hfn-Aaai<|| 
Brt ft K tt a * y n K > (« it & 

*«**. *&, *»W*»*«T»««t:. JRHOSSi 
LT«. *H*77'f/tfcJ:D1IJ«fcfc*.. asfcft* 50 



#IJI¥7- 1 2 0 3 8 4 

2 

tfefts. c©3e«-a©fiijai*wfflu. ?r»*>6iE»*i. 

©Jfifi©3KSffl^T*fl«iES«l£-rs8E^ 
#ffiBS5 7- 1 1 5 2 3 2^ffifcK«#BBB36 3- 
2 7 5 3 2 3H»4«|TJB«SnTV»S. *fc, £#MB 

SSrJUfciL-ORas&gtf&S. 

il[S5S?ft-rsJHfi«(^ft:^ffi*»6 1 OmmfltOl^) 
f>C#flET*fi*©«*6. &0-KR#&£©£fl& 
6 1 OmmHWKffftrsfWOM 

Lt**^ W5»*3fcCTBB*». flRtf. ftMB6 
0-7 2 5 4 2*t&fgfcb<«#B&B36 2-2 3 1 6 2 

{ft*#»5gB«> Wttt. Wft¥0 3-505922 
^4i*t>l/< tt»BI¥0 4- 1 3 5 5 5 1 4ft«K:Eft 

[0 0 0 3] 

B, ftfc£#ttft*:r*-8Btt#i£rt®#iSfcL<tt 
K+K H-P?ijfflaft5. £©*§£•. g 
B©KBX^-X*ft/MElcl/fe»tftH^:6a^&». 
'M!©8fi;5*#g£&a. Sfc, SSWftt-^-fflfc 
*&. »^^SST©ffiffl-ett. BrJIttSSgBSffl-efHil • 

S&ft«. cn6©jfttKBUT. ±l2#CTgB«£& 
*aill/&«»3l6*ttWr*fc»C, WN&MKXtt 

nMM&s&a:D. «wuaj©*aflstt#«aftT^ 
■a**, -r-^saaroffl^bfe^ssftT^^u. - 

il©«6£Mj&e/hgft-?£«TOBttti>ft 
5. tt*tt#TOEatt^ttfi©WRMHII8 

1 7. h 'J * ^ £©ttmJtfi©«fMft#ttSKfM 
SSftS^#:ffl«E»r^«ffaJT^|?i:$ft-5. SB©/h 

aft. <& u< ttx-^fflaoffiffift^^sfs^s^i; 

[0 0 04] 

|Rlc©||ft<&ttJMMt^ 
6ft 0 ©ttM4tn-?S 6 lC«R©AA:«ttft»& 
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tttfco^ft^U C©1lNR£m>Ttttt#©ft*©K» 

«^#:©ff ffi^s^^iKi©if)i#<h LTmm?z>xmmjj 

mzWWl&fi-TZ. 400nm*52 000nm 

©jfcgfSHfCi&D. 1 0 0 nmi|@6U*j©2mEU:©&fc 
-6afcBffi«l*m SSC£*ffl&B®«T2flBUh©Jl 
&5«ES©^*6&53taia5t, 3KiSa!*6©3tS*tt 

aaim#»6©KttjU©wiiiHk^«i9n^HmHk 
•«#*ft««rtatf*»ai»9iiii^ticjwi-r«*tt 

MSB. **A«tt*B«#6tt»SftSft«1MM*© # 
BSOttfcSOlWCPTOKJHIfU &ffig?tt£*©ft]I 
WttB©ifi»©**©ttB-wes*tflU ***©JCV» 
£Hfll*-Clltt#Affi©*rJI««»Srr-6XnMSIS^ 

[0 0 0 53 

Html Stt3KM-irc£{t4MB©ff«lft«iEHEK:«»« 

fcfttfi, ^ffrt-e©3t©SASs*M6*»{c-r«^t 

Jte.fcD*©«A«:S#*ft*££*«ffll/T, 

ft*, ;:©$£, IWt©**K:«f «*#©**A*3 
*SWWK«ffll/T. »fJi*tWfc*V»T3fe©BA«a 
«*««A«©ttW&l»n^H)Pj1&MillS«t7S2:«:«. 
*©»*, Sftli/JtS&ftD. *&, &tt*ll**&a 
3 #1*1 fc» b TJMm* »c «fc 0 Eft JR« S#* 5 c t &r 

et. *aatrai««»©at»ic±*3e©aABs©B 40 

James L.Karagiannes )RZfyx.> 
• y7>#( Zengyao Zhang )Rtf^X • ^DX>7 



&H¥7- 1 2 0 3 8 4 

Bess Grossweiner 1/*?\>V H • ^DXy-f 
ir( Reonard Grossweiner )© rffljt&tfljaS&gtSlHft 
©7t^©-*7cl£®;ifi^©Sffl( Applications of th 
e 1-D diffusion approximation to the optics of tis 
sues and t i ssue phantoms ) J , 1989^6/515 
B. 7U4Y-*-fT4>f^ SS2 8#, 812* % 
2 3 1 1-23 1 7JS( Applied Optics. 28, 12. 2311 
(1989)) owftanx^*. -©m35LStX©iK^S 
©&gft??14Sia 1 Rtf0 2 fc^KBItlCtJWTjR 
T. Eift6©H*»&. *#©«tMKXB««*!&*W*fc 

[0 0 0 6] ^tc, !RaKcnftiKffik©S^iz<t:«£# 

rt-e©*©«x«!afflBfl:taiiWfc*r. *-r. «m 
-rsasHsfcwr. &*©ft;ratfRatt&*ttSb 

ftS****?^ lfc#*IBItb, %JMtttB#6 3 
Omm(in&«JJf-eKI*316*«ffl-r*«WI«afiT«. 

z.<nwMw&fat&&m iWT?£©a«©*3* 
*3 1 tiicfianic^finBs 2 tBSDceBT 

-5. £©^»JR«3 2#a>fV»«-&©Klt3fc3 

SR. S4®«3 2Sa53 1 OmmfflftaiCgJSUfc 
«^©S»3taSRiofr5t, 5e£!»JK«3 2j&*fcV> 

«^(^ia©^#©ttja)©^Rjt3ttat^uT. jt^R 

io/R©3fcA*l OmmKrt©®^©*-SaiiLT^ffl$ 
tlfct>©TS0. £fc, Jt3$5(R-Rio)/R©3ft0n 0 
mm«kDa!^fi«Sfiiab&*>©fcfc5. ftoT, ^tx 
S©Jfc$**ft©gA«3S^-rrag£fc5. 13 3 

©*-e©sw3t*s, *#«fi ©^aa - ©Ksi&s&m 

t trWMWfc <5 M&©#SBB*f b£®£©KttftS© 
NfWtt#»i. 5*i;V • XX • W-VX Michael 
S.Pattrson tf- • ^>X( B. Chance )<RXt\£— 

•i'-^WX B.C.Wilson )© mWtft¥<®&<» 
#«MMIItOT«»M4h!IJat*atfi«l*( Time r 
esolved refrectaoce and trans-mi ttance for the non 
invasive measurement of tissue optical properties 

)J . 1 9 8 9^6^15 0. 7^Ht^? 
X. IS 2 8#, I12f. 8S2 331~233 6J1( Ap 
plied Optics. 28. 12. 2331(1989)) \Z <k Kim^tlX 
H8. C©K»3t«©l»IWttfiFttR(t)(t:4»aBWI(p 

s))saiT?*-r. 
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R(t) = (4*Jc)-*' a r B/2 exp(-Act)exp(-X 2 /4Jct) 
X {Kexp (-K 2 /4Jct) - (2D-K) exp [- ( 2D-K) 2 /4J ct] 
+ (2D+K) exp[- (2D+K) 2 /4Jc t] } , 

J =C1/3(A+S)] # 
K=l/S 



<R1 ) 



[0 0 0 8] ft IT?, Stt«a«», Att«JRfllft, X 7?$e»tCl OmmJ;r)«^«0f©*((ctMB*»3e-r*, 
ttAlt •ttffiffifim©E«(H3T?tt3 0mm), DttSE i0 £©I?®T* t>\ZK&T 5 £<htc<fc 0, <k 



RtfAti/Tftifcttvrs^ tta©»sr©3t©s s^rr^^c^ /x^x*isarWH»»3e*tB» 

0 0 nmtc^T, 5£RJR«3 2 S$8^®^»^^^r(cfS^WJl»i*^J:^x 

1 T?D Vi«^tH*)Rt^±RJR« 3 -^fflar»Ji«tta««W«t&-B. *3BWte*V>T 

B4RtfH5fc*"r. £tl6©^T«, fclfflUT, ***ffi«oair^BfOl»«S*5ttfiOft 
*5Ml/3 1 fc3tsWIH»sn&WIBI*lRjaT**a»nB ^ SWrctfefcU £©«*SJflV>T, S6lcjR^»Hf© 

««ttE«3'Hl©ft»«s«t-. lsM*«©ifi*««rr)l*ft3&r*^tk:«to, iff© 

[0 0 0 9] H4*6, 5 5 0nmT^MW3 2 tlS. 
1 0mm©»;£ Kit [0 0 12] 

1 0 mme(fifeOTS§ £ £j&tffl*. -#B 5 * 1 )*55M©SI-©*llS«SaTfcS"r, *T» 

6, 8 0 0 nmTtt^8MK*E3 2*1 Omm^C £©SB«lS*B6T?»9it"S. ifcfi««5 0 0*6 6 

»S»ft<DK»JKft©±«f|Ba»«»4^±KJK«3 2 # 0 0 nmrtT?jta:3 3ifcfi,fc, ft'fiffi«t7 5 0*685 

«!^»&©ll«a«<0»5 0%-C&5&&, ^M*6 1 0nmrtTS^^3?feg©'&tf-6&g-r^/S$n'53t^ 

0 mm£ 0»^««&aaL&3fcfc» 5 0 %^A/W3 §8 1 *6*»Sn«3tS, RgCTci:tCJi*M»ffl^7 7 

©S»3WW<lfc«anfc. COSfttt, a *6* 2 0*6 4 0mmft©#Sc©ffi8§£^;erTffim 

a&tf m*®^ t (-rato t «a»«fRjR«»A**# s n&tttBffl* 77^/t4 £^ut, 3 * 6 ©& 

K»3ett»saartS*T?«<«Abfc3K&#toi:*A A, -#B©iftfitH«lcKlt*aslHlirr-5. ±XO 

[0010] c©fti-cttRjMjtaft»M»*TfWi/ K«3tattsw«7-cKH»ti/Taa*ti, $k«8 

SfiJffl l/fc»H«»ta©lKKftS'r. «a&tf«iR«* »17D-^PK:^ ttftft$5 0 0*6 6 0 0 n 

s«©«HT?*na*«>aAa!Stt«fl:ba:tit#A6 1 ommart<o««(jRa««Dio)o*ftaab&t>© 

ft5„ -t^Tf, W;Ui5 0 0*66 0 0 nm©3fc&fcR £©ifcfi«*T?©jft»&»S, 

££*fife£t-£o 2fclC<B©ifcft«fc 5 0*6 SR<^KW©SS^bT^t4m»i8&'C^'r5C 

8 5 0 nmOSfiWTtt, *©jEftfttt£*«Ma> & <h£^-r^>/^-h • 1-)VWI&&m'?&t* £©fi;g 

1 omm±o«^«Bf*aa-rs&». mz^tb 6 ntz fcmo&M<nwL&uit?z)oBLtt%&RUi)\** ft 

1 0mmJHrt©t#«liB©19««ffl^T, £<Z>ifc^£ 50 2T^^tl^o 



aft:0. 2 3mm/psfca£*l^)* 



[0 0 11] ~©<fc5K, *te©MMWfc*rr*S# 
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RUD 

= I-Q f(L)exp{-LC£oai).Co(D10)+ed(n)-Cd(D10)]} dL 

••• (»2) 



[ooi4] co»2fc**n**«ft»t«MfcRaw 

*ftH7TrKWr*. Co(DlO). Cd(D10)B*n-6flfl! 
3ff«Q>10©K*fcHb&tfKtt*fcHb©ftKt. Q 

•5. eo(Al). «d(Al)ttfcBArC©K*flSHb;&tf 
KK*ft:Hb©KJtX^S:S. I ttA«3iai**-J**T 
&«. *fc. f (DBCCDDUHWTO. fctbfticft-r 

3 rtT©3t^L©#tf«*t«WflfflMtr 

SO. &2-Ctiffi^©9>A-h • ^-;HiJIC*t-T-53t 
B6ffll«taoT^5. H©f (L)B, ftBhSt 
3 W©^©fRff^fWt«»-jl*-»C«iSUT^* £ 

*. Sfc, ft2TT»«C»fiLft»«»tLTaoTV» 

S*\ rnttBll^lB»MCa5C:i:t)PlffiT?Jb5. C© 
Sc2©*aiStiQ. Co(D10), Cd(D10)©3j@-C&*. 
ftoT. £©ffltgffi«rtT!g£5 3ifc;gAl. A 2, A3 



*«. »2,i:|W|^3i@©»A*BI{S^#^nsfc». 
[0 0 15] #6ftfcCo(D10)&tfCd(D10)©<Itt. if 

t*mmwo&imn***m*&miz*ti&r*. £© 

ftlfcti. B*ffl©E^#K(CJ;-5 1 9 8 5¥58 

fr©iU#-«MW»fc±**« rjMffi^X-^O^-rv^ 

aHHnM&ttmftffl-82fKj css^n-o^arc 

§88(T#5. #Cfc, *»e.nfc^©gn^s«Dio©*#: 

«IE©1faSffl^T. JS3«81 0*5 2 0mmHrt 
(«$ffi«D20)©±ft:«tlS. i«[g««7 5 0*685 
0nm|*i©S&53feB-C?ft}rrs. £ ©StfiSUST© 
Kfttffctt, I9^bfc<k3lci 0mmJ;OW«£I 

3 C t -C«gS««D20©^(«mBSffaf S C t^"BIt6 
^CT. C©i6S««rt©ffit©«S(A4fr 
5)©K*fftttR(A4)tt, &2©g|*t*6&3T*£ft 
-5. 

[0 0 16] 

BK3] 



R(H) 

= I-Q' { /r f ( L )' F < L ( D 10))exp{-L-F(L(D10))[eo(14)-Co(D10) 
+ Ed(H)Cd(D10)]} dL+ /f f(L)-F(L(D20))exp{-l.F(L(D20)) 
x[ e o (24) • Co (D20) + e d (14) Cd (D20) ]} dL} 



[0 0 17] £©ft3fc#am*5MSBK«esafcUW 
&zm8i;wiw?z>o cooko). cdOBONWtt-eti* 
**«D2ocfr*n5»j)iflsH b RtffsmmitH b torn 

*«. Q' tt*ft«W7 5 0*S8 5 0nmrt"C©«a 

K*53fc»*S;KT*»»re*S. £o(A4). ed(A4) 
tt&g A 4lcfel*«K*ft;H b KlOilXjbH b ©®iR 

3tfc»r«llE«# 3 ft-?©%K«L©#*CSt-tt*ft 

SB9tS?fe5. *&. F(L(D10)). F(L(D20))tt. 3K 
Kg L ©tttfi3b9«flt3««D10ftCA)20«9i|-r«tl«« 

*r. n*«. )tKfiLt?^(a$nfc^©, s?s«*£di 

0rt©*HftJtyl+y8. ftSttttWrtOJUHWyZft 6 

tf. rnSli yl+y2+y3=L©B8«SC&*fcU F 
( L (D10) ) = (yl + y3) / L R F ( L (D20) ) = y2/ L i fc 
£. £©F (L (D10))fttf F (L(D20))ttfcS*i;«>*> 

T. Co(D10)&tfCd(D10)©ffittgE»i:&-3T^Sfca 50 



••• (»3) 

(C. £©«•&<&> *»&ttQ' . Co(D20h Cd(D20)© 
3fit?»*. fi£t>T. £©«fi«»l*rCSi&:S3ifcfifc 
*DK»*«*IHrr*i:iT, «tS«*D20©iMHi 
ttft«**«D10©»^i:H«fc«*r**. £U©I» 
flW»S. flt3ff*«2^fclsfctfJMWft&ft«. * 
fc. IMI©tt*»«3Sfc«^tt*::i:fcJ:D. Si 

a**©#*ft*a swum** fflwaanw: < m-sj-r 

[0 0 18] <*ttffl2)&C*9M©tt=©*]IM*jK 
5. !!©«#» BMjft©*SftK:l2a&&fr>#'. Sit 

^©fss&d:o^<?ijffl'c#5fc«>, GMimmomsi 

^ICW&T&S. C©JRr©SIJ|M©ttB«dtftB9-C 

tk1". iftg^«5 0 0*66 0 0nim*n?S&5 3»g 
t, &&««7 5 0*6 8 5 0 nmrt-Cg&-5 3ifcg© 
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l#S©*ftM*JMMi3tt77-fA2 
TWftfcafcJMM-*. «&*3^©Haitf£g*6. 2 
0 * 6 4 0 mmft©ttg©El8&^;£TTiE®;*n&& 
affl*7r</t4ft^l/T, *HIM|E3*S©E»f*SW 

rw»»^w»i 2-mm-rs. £©H3S«. -#s© 
w.&omftmmwm'&t. Ltsitftfaisais 6 tie 

«©*IBIft#tt*IHW*. £T©tt*K»LTW«tt 10 
KI#3t«ii*IMI4nfc«v *ttft©£M%ft©ttR|{fc# 

8 -paws ns t^jcft^^teiies 9 rstt^ n * 

R(Tl.ll) 

= I-Qi /Tf(n f L)exp{-L[eo(il)' 
+ ed(ll)-Cd(D02)]} dL 



► £©**©». MfPffiio-c^r<!>aimid»9Ka 

-SffifofflKjftf. i£fi®i£5 0 0*66 0 0 nm 
ft-Qg,UZ3&&\Z&K), jgE*S 1 0mmfiU*3©IWH 
«Si¥ffltC»W1--5. C^r, ^5*6^3 2mm£U*J 

a©i$ia]tt#tt&sTBi i o t*^T. ttttwra*"?-^ 

(«r3T*^#fiWI»IR|tO*6tlO«««|BKII«n) 

c**nTv»*. c©i»w«ttffn?. aocoiMMMt 

rt©ffif©&fcRAl©Klt}fcttR(Tl, Al)t±»4T^3 
[0 0 19] 

] 



4) 



Co(D02) 



[0020] z.<D&4\z$izn%*tomam$k*wiw ^mm^^mm^mm^m^x. as3®«2*s4 
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©StfWntt?. *o»|B«WlT?©*lfl*fc«t-*lfc» 
ft 3 rt-e©3t»fiL ©»*s^-ra*ffiSB8»-e*5. 
c©»4c^*n5 3fi©*»»ttv efflSififfiaw© 

2©tftaffiS»3£tr#5. jfc«>6ftfc;i©BE3* 
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6 0 0 nm©Jfcg®«|*n?. *t30 1 0 CS^TlfttHIIS 
M*tl* 6 t2©«f«t(«mflttT2)©£K3U» 6#» 

s©gv»tttfi3iettSs««D04&ffijabfc3K , b-&tyfc 

ft. C©I^W««T2©«tiJ**6S*««D04©5feft« 
«Bt«-Wr«tt«»?r«tJ!t*. CUT. 
T2©£St)fcfiR (T2. Al)(i&5-eS^n-5. 
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&m&5 0 0*66 0 0 nm?, *t5^W««T2"C©« 
a»C±5ft«SS*?*»*-C*$. f(T2, L)fi, H 
©?fiS««. *"3«flB(IWtI2T?©«tn*IC#'r**|fc# 

fc, F(T2. L(D02)). F(T2. L(D04))tt, £©&£& 
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2)RtfCd(D02)©ffl»4fE»(!:*oTH*&»C, £©# 
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■J-CtfciD. 1 0mm&ft©KJH1ktftfcft3n«. & 

C. H©1 0mm«l*I©efl«&ffJfflL.T, iSSM«7 
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*6. 0*S2 0mm&rt©£{t*tB£H«fc: 
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£©#£. l@^ltffl^7rl , A**2 lSEJc-$&3a 
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2 1©teiglJ. r©3t75"TA**5*ifi£LT^5j@^Ci[> 

#3©)^ffilCgBfi-r5. C©JMtffl*7>"f/t*2 1© 
«i&#3BJ©S£, Mtffl3£7 7^/1^2 1- 1^5 2 
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2 l-p©HHfcB«*nfc«Hlffl3677'fyX2 2-l 
i>522-2p &^LT. SttftSSV^g 1 ^ 

asAtic&m-rs. #>*©«Hiffl5fi:fc»i,T3Sftfcsit* 
*£&aj-r5. cne©^w^»[i^-#a©n-«Ji6s 
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©ttftfc»l/TH«&E»JMi9Waa*i&«. S&fi 
©£»ttSti«j|g&7T«fI»£LT$ag3n > *©& 

ztmz.mmsm&MQT'm&isnz. z.mw&<t>m> 
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fffi#S:ST. C^T, IRItfflJtt77'f/**2 1-l*>& 
K^#3[C8g»Sn, ttfflfflJt7 7'f^2 2-lRtf2 

2- 2 TtfcfflSnfcftti. -tft-f nffilBflW*lRWfilB 

3tE2 l-2*>6tS«ft3C^lt$n, «fflffl3t7r-fA 
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